The commonplace, quantitative assertion that 'invasions' of exotic (introduced) organisms constitute the 'second greatest threat' of species extinction debuted in Edward O. Wilson's 1992 book, The Diversity of Life. Based only on three interrelated publications summarising concerns about the conservation status of North American freshwater fishes, Wilson laconically extended the claim to planetary significance. This inspired the most-cited article ever published in the American journal BioScience, subsequently underpinning thousands of peer-reviewed publications, government reports, academic and popular books, commentaries, and news stories. While carefully recounting the origin, promotion, and deployment of the 'second greatest threat', I argue that its uncritical acceptance exemplifies confirmation bias in scientific advocacy: an overextended claim reflexively embraced by conservation practitioners and lay environmentalists because it apparently corroborated one particular, widely shared dismay about modern society's regrettable effects on nature.
In 1992, the discourse of conservation biology acquired a new axiom, thanks largely to the influence of Edward O. Wilson: 'Habitat loss is the single greatest threat to biodiversity, followed by the spread of alien species '. 3 Researchers concerned about the spread of alien species adopted Wilson's statement and routinely began to insert some version of it in the introductory remarks of their publications. The idea of the 'second greatest threat' has persisted in peerreviewed literature ever since, despite significant criticisms of its empirical merits. Outside academic circles the statement has become an ingrained orthodoxy, repeated and amplified in government agency plans and policy papers, reports by non-governmental organisations, research solicitations, press releases, and direct public information.
A historical perspective offers a useful window to understand the origins and persistence of this idea. This article argues that the trope of the 'second greatest threat' became established in conservation biology and invasion biology because it was a classic confirmation bias that appealed to the belief and activism of its practitioners and adherents. Without denying the effects of biotic redistributions via human agency and subsequent ecological adjustments, it warns against heuristic, categorical representations of 'alien' or 'invasive' species as demons that have breached the gates of paradise, defilers that can never properly belong inside them. 4 The conviction that there are 'alien' species (loosely modelled on the nationality of people) denatured by experiencing human transportation is morbidly fascinating but 'theoretically weak'. 5 And asserting that these alien species invade, while idiomatically convenient, is objectively obsolete, like saying the sun rises. It seems like a sentimental throwback to the deterministic rules of prehistoric species occurrence propounded by the ecologist Frederic Clements. 6 The threat of an overabundant, insistent nature is just as troubling as that of a sickly, waning nature. Combined, they have been used to conjure the crisis of nature forced into civil war, and facilitated the rise of a new, expert chorus of regret and recrimination. Conservation biology favours threat narratives because its tenets explicitly include both scientific and environmentalist commitments that are mutually constitutive of the discipline. Its practitioners believe that they work in a 'crisis discipline', which means that they 'must act [often] before knowing all the facts'. 7 The assumption that conservation biology solves crises, preferably before they happen, has meant that the field provides a meaningful career choice for many people who want to improve the world or to save nature. But studying the environment with the primary goal of 'saving' it entails applying values that are difficult or impossible to support empirically, and is an approach that generates susceptibility to confirmation bias. Moreover, it requires the construction of an ideal state of nature from which we can aim to 'restore' or 'conserve' against change. There is little reason to assume that scientists today are any better than those of yesteryear at correctly gauging how nature should be, because such statements assume value judgments that have changed over time and space.
The assumption that introduced species are the second greatest threat (as opposed to first or 10th) relies on the assumption that we can measure biodiversity and then extrapolate the risks to individual species and all species as a whole. It is, quite simply, a metaphor for a variety of phenomena-not only apples and oranges, but every single species on Earth!-that simply cannot be measured without huge errors. The notion that we can quantify and rank threats to biodiversity exemplifies the interest in using science to achieve the goal of preserving nature. Like earlier attempts to find Frederic Clements' climax community or John Phillips' biotic community, the attempt to define biodiversity has proven illusive. Scholars have attempted to summarise, constrain, or dictate what biodiversity means, but to little apparent effect. 8 It seems to be an ineffable liquid that takes the shape of any vessel it purportedly occupies while lending it an attractive tint. That is not inconsistent with an observation by the founder of the term, Walter Rosen, who quipped that biodiversity was obtained by taking 'the logical out of biological' to transform an object of scientific investigation into an object of advocacy.
Social scientists recognise that the field of ecology (the forerunner and main core of conservation biology and invasion biology) has been metaphor-intensive since its inception. 10 It is tempting to make allowances for threats to biodiversity as a sort of interim metaphorical muddle destined someday to be sorted out in a more principled fashion. 11 In his 2011 book, Metaphors for Environmental Sustainability, Brendon Larson examined 'how two prominent scientists have recently coined [problematically] resonant metaphors that have drawn media attention'. He proceeded by assuming his subjects 'use these metaphors with the best intention, to make change in the world '. 12 This paper focuses specifically on the origin and spread of the 'second greatest threat' metaphor, first in Wilson's writings, and later in conservation biology and invasion biology scholarship. There is little evidence to suggest that the 'second greatest threat' was self-consciously metaphorical. That option is effectively unavailable to conservation biologists because the practice is blind to its own subjective judgments about what they conceive to be an ideal state of nature, which underpins the discipline's core values. This explains much of the so-called controversy in the field of invasion biology about whether there should be distinctions between 'native' and 'alien' species. Millions of dollars of funding, patronage, and careers are on the line if this narrative changes. Having used the rhetoric of threats to justify funding and policy, there is no turning back for adherents.
Admittedly, there is no evidence to indicate-nor claim made in this paperthat the authors who constructed, promoted, or cited the 'second greatest threat' did so maliciously, or with intent to deceive. Wilson and his followers believe that there is a destructive agency inherent in introduced species that are able to invade and restructure ecosystems and economies. There has been good reason to worry about the impacts of introduced species. The problem is not so much in seeing specific instances of introduced species as being problematic, but rather in the idea that there is a category of 'alien' species that is somehow one of the greatest threats to the world's ecological and economic stability. 14 Escaping his socially insular Gulf Coast roots was a requisite step on the path toward Wilson's avowed goal at age 17 of becoming 'an important scientist', and turning his attention to the fate of the world.
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In the 1960s and 1970s, Wilson accumulated academic credentials and honours, achieving his goal of becoming an important scientist through his involvement in developing and promoting the ideas of Island Biogeography and Sociobiology. But he eschewed environmental activism until 1980, 'unforgivably late', as he described it. 16 Wilson attributed his environmental epiphany to Norman Myers' estimates of tropical rainforest destruction rates in The Sinking Ark (1979), a polemic after the fashion of Charles Elton's The Ecology of Invasions (1958) and Rachel Carson's Silent Spring (1962) . None of these were scholarly books written for technically adept audiences. Rather, they were deftly written polemical tracts by authors who warned about the impending environmental catastrophe that they saw unfolding as a result of human action. How scientific their verdicts were, and even how scientifically these writers understood what they feared, was never as important as how well they made their fears resonate with those of their readers.
Wilson's first intentional foray into environmentalist commentary was a short piece commissioned by the Harvard Magazine. There he wrote, 'the one process ongoing in the 1980s that will take millions of years to correct is the loss of genetic and species diversity by the destruction of natural habitats'. 17 This comment summarises the professional fears of a taxonomist: that things will go-and go away-unclassified. In 1985, Wilson echoed a strategy Elton had attempted in inter-war Britain, using his academic pulpit to call for a comprehensive, publicly funded inventory of biota in the name of protecting what was deemed to be in the public interest. Wilson's vision of a full-employment plan for taxonomists was more expansive than Elton's. The Englishman wanted an accounting of British animal populations. 18 The American's proposal encompassed all life on the planet.
19 Neither man's argument was enthusiastically received at the time. It would be over two decades before Elton girded his loins for another overt foray as a public intellectual. But Wilson was on the cusp of a major role in formulating, and more importantly, promoting the concept of biodiversity.
When writing for general audiences, Wilson rarely shied from sweeping statements, including his own assertions that his ideas and claims are widely accepted by the scientific community. In Scientific American, he claimed without substantiation, '[v] irtually all ecologists, and I include myself among them, would argue that every species extinction diminishes humanity'. 20 He likewise asserted that 'systematists are in wide agreement that, whatever the absolute numbers, more than half of the species on earth live in moist tropical forests', and 'every tropical biologist has stories of the prodigious variety in this one habitat type'. 21 Wilson's claims of representing consensus have been coupled with vagueness. After discussing his idea that 'human nature is rooted in heredity', he once continued: '[i]n the 1970s a great many ordinary people believed these hereditarian propositions to be more or less true'. 22 Both the source of the information and the meaning of the statement are obscure; nevertheless, it sounds significant, and carries the confident authority of the 'important scientist'.
Wilson provided a clue for interpreting such vague yet global pronouncements in the final chapter of his 1994 autobiography, Naturalist. Discussing biophilia, his hypothesis that humans innately bond with other species, he wrote: '[b]y the ordinary standards of natural science, the evidence for biophilia remains thin, and most of the underlying theory of its genetic origin is highly speculative. Still, the logic leading to the idea is sound, and the subject is too important to neglect'. 23 Thus, Wilson excused (at least) his own lack of scientific rigour by suggesting that an idea-one of his ideas-is so important that it should be believed now and examined later. He could do this because he is, indeed, an important scientist. Island Press trumpeted his status on the dust jacket of Naturalist: 'Edward O. Wilson-University Professor at Harvard, winner of two Pulitzer prizes, eloquent champion of biodiversity-is arguably one of the most important thinkers of the twentieth century. His career represents both a blueprint and a challenge to those who seek to explore the frontiers of scientific understanding'. Popular acceptance of Wilson's importance, whether via putative-wide agreement or an exclusive writing prize is clearly significant to Wilson and the industry of Wilson promotion. Environmentalists with or without academic ecological credentials are his core constituency.
Wilson the scientist participated in a 1964 symposium on the evolutionary aspects of species introductions. However, biological invasions other than human incursions do not feature prominently in his environmentalist writings prior to 1992, even though the idea is more than implied by the tenets of theoretical Island Biogeography. 24 'Destruction of physical habitat' suggests many possibilities, not all of which are anthropogenic. Wilson excluded the effects of chemical pollutants, except perhaps those (like acid mine drainage) that might be said to physically destroy rather than alter habitats. The line between habitat alteration and destruction is difficult to draw when the operative context is extinction; a habitat altered to the extent that a population fails seems tantamount to a habitat destroyed. ' Alteration of habitat by chemical pollutants' seems understandable, at least as long as the array of potential sources, identities, and effects of such pollutants is left unspecified. Are we to assume that Wilson meant something like 'chemicals not typically generated except by industrial process, or rarely found in detectable quantities'? Does habitat alteration differ from physical destruction as a matter of degree? If so, can both result in extinction, or does extinction signal actual destruction of habitat? 'Displacement by introduced species' is simultaneously vague and over-precise. The ecological implication of 'displacement' is that individuals or populations have been competitively excluded from either a functional or geographical niche, an effect that is easier to imagine than demonstrate. 34 Furthermore, in any ecologically strict sense, displacement does not include trophic exploitation (being eaten) by a new predator, a commonly feared outcome of introducing game-fish species. Wilson did not disclose whether his 'introduced species' were purposely stocked, or if they were themselves fishes, or indeed even animals.
'Hybridization with other species and subspecies' is a surprisingly terse construction. It glosses over two necessary questions: the perennially debated, 'what constitutes a species?' and the subtler, but more interesting, 'what constitutes extinction?' If species are demarcated by an inability to interbreed, can individuals representing two 'real' species mate and produce offspring? We know that some, such as horses and donkeys, can be mated to produce viable, but infertile, mules. But in a widely discussed case, the descendants of introduced ' American' ruddy ducks (Oxyura jamaicensis) are interbreeding with 'European' white-headed ducks (O. leucocephala), and producing fertile offspring. 35 Were these two really different species, or were they essentially two populations denied access to each other long enough to diverge perceptibly to the human eye and mapmaker, but in reproductively inconsequential ways?
The population resulting from this reunion is neither 'ruddy' nor 'white-headed', as was once conceived. But it is still a population of ducks. Left unmolested, it might be fully capable of persisting. If we insist that they were two species, did the merger produce an extinction event? The answer is yes according to one criterion (the white-headed duck might no longer occur as such), and no, because those ducks mated and passed their genes to successive generations; no line of inheritance ended. It is a matter of convention, like patrilineal naming. In some social traditions, a family giving birth to a generation of daughters cannot continue 'in name'; but through motherhood, each female's genes will 'flow into the future' along with the name-begetting father's.
Philosophers Matthew Haber and Andrew Hamilton formally distinguished between these different kinds of events, calling them Type I and Type II extinctions. Type I extinctions represent one fundamental fear of environmentalism: for whatever reason, organisms become rare, reproduction success diminishes, and lineages ultimately fail. In Type II extinctions, lineages merge or diverge as reproduction continues, and labels change; whether new taxa subsume or succeed others is up to the classifier. 36 By including hybridisation in his list of threats, Wilson conflated the two extinction concepts; perhaps without noticing, certainly without giving notice to his readers. As will become evident, this was not the only tacit component of Wilson's claim, nor was it the most problematic.
Wilson's numbers added up to 232 per cent, so (as he went on to confirm) his 'lethal agents' coexist or even co-operate. We might have hoped for some discussion of common or inevitable combinations, but none was forthcoming. Some primary effects would seem to render secondary agents insignificant. For example, reservoir impoundment replaces one physical habitat with another. Habitats for 'river fish' are thereby destroyed, but in the process, 'lake fish' habitats are created. Populations of river fishes will persist in a reservoir only if the newly prevailing conditions still effectively meet their habitat requirements. The arrival of lake fishes in a reservoir might correlate with an extinction of river fishes without actually causing it.
Ecologically, it does not matter whether a fish species arrives in a reservoir by surviving the damming process, by swimming downstream from an unaffected reach, by dumping from a bait bucket, or by pumping from a government hatchery's tanker truck. Any persisting population demonstrates that habitat exists; non-persistence demonstrates otherwise. Even in the latter case, some mature individuals may survive without breeding much, or at all, or where survivorship of young to adulthood has ceased. Such populations must dwindle, as has been the case for several fishes in the serially impounded, much-diverted, and much-diminished lower Colorado River. Researchers familiar with these cases have stated that '[w]e have no doubt that if nonnative species vanished, the big-river fishes would persist in today's modified habitats'. 37 Unfortunately there is no way to cleanly separate those factors in the real world.
As noted earlier, Edward O. Wilson is not an ichthyologist. He is by training a myrmecologist, a specialist in ants. What prompted him to construct an argument of such potential significance with reference to taxa so different from his invertebrate stock-in-trade? The Diversity of Life's endnotes, consisting primarily of parenthetical asides rather than formal citations, mentioned three salient journal articles, but also suggested that Karsten Hartel, Wilson's colleague at the Harvard Museum of Comparative Zoology, provided the tabular 'threats' analysis. I emailed Wilson, asking whether he knew of any statement or analysis prior to his own to the effect that invasive species constituted the second-ranked cause of extinction. He responded by encouraging me to contact Hartel. Hartel subsequently confirmed that he provided Wilson with information from the three articles identified in the book, but baulked at taking responsibility for Wilson's synthesis. 38 Whether Wilson or Hartel came up with the idea, Wilson ultimately composed and published it. Rather than pressing the matter of ultimate responsibility any further, I set about attempting to reproduce Wilson's table of threats, seemingly a matter of reviewing readily available published material.
There is substantial overlap both in the topics and authorship of the three articles Their nativeness notwithstanding (and, it seems, undetermined at the time), the lampreys, which prey on other fishes in an unappealing, parasite-like manner, were considered pests and treated as such. 42 Meanwhile, 'chemical alteration or pollution' applied to 14 other taxa discussed in Extinctions, none of which were purposely poisoned.
'Introduced species' (sans Wilson's 'displacement by') affected 27 taxa in Extinctions. In all but two of those cases, the presence of introduced species, when correlated with the absence of a native species, was interpreted as unquestionably contributing to a native's extirpation. In the remaining two cases, impacts other than hybridisation (a separate category) were not mentioned.
The species accounts in Extinctions were peppered with rhetorical qualifiers, such as 'apparently', 'believed', 'contributed', 'may', 'presumed', 'probably' and 'undoubtedly'. The article's attributions of impacts to introduced species were much too speculative to support any calculation of summary percentages. The complexity of the Fishes authors' task was enormous. The dynamic state of fish taxonomy precluded durable consensus even on the total number of species. The authors relied on 'other lists, original data, and discussions with pertinent agencies and knowledgeable individuals', although their references did not specifically identify data sources, agencies, individuals, or contact dates. 44 The IUCN also relies on knowledgeable individuals. Their lists are scientific to the uncertain extent that contributed knowledge is scientific. The upshot is that the numbers published by IUCN, and by the authors of Extinctions, Fishes, and Conservation were not really data regarding fishes; if anything, they were data regarding what a group of self-identified, self-selected experts believed and chose to report about fishes. Sometimes even the best available information is not really very good. Setting a low bar for Wilson and others to come, these authors were generating a de facto opinion poll without controlling the question being asked. That does not render the accounts untrue, but it does render them unreliable, untestable, and resistant to defensible aggregation. They represent the beliefs (the doctrine, it seems) of members of a professional association, but they are anecdotal.
Fishes included 364 taxa (including species and subspecies) purportedly affected by five categories of threats. The threats identified did not correspond well either with categories listed in Extinctions, or with Wilson's (1992) formula (Table 1) Wilson grafted already questionable summary percentages from one article onto data from another. Then he inserted them into novel categories. By drawing conclusions contingent on summary numbers extracted from such disparate and dubious sources, he glossed over numerous taxonomic and procedural objections. His conceptions could not ameliorate the weaknesses of the data he relied upon. His sources were not 'doing science', and neither was he. 47 However, the encyclopedia entry includes no such claim. 48 Simberloff's best guess regarding the citation anomaly is that the pieces were written concurrently and the claim in question might have appeared in a preliminary draft but not the final version. 49 Questions about where it came from and where it went thus persist, but since it spawned only two (necessarily copy-cat) citations, one in a 1998 advocacy document written for public consumption by a Defenders of Wildlife staff member, another in a 2009 (peerreviewed) article by three Portuguese authors for the journal Ecography, the lineage appears fairly moribund. Conference on Alien Species considers alien invasive species as the second most important threat, after habitat destruction, to indigenous biodiversity'. 54 Still, only a relative handful of authors have relied on the Norway statement, which seems to lack any apparent methodological basis.
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Nevertheless, by 1999 a nascent discipline of invasion biology was well in evidence, having generated several anthologies of proceedings and being served by two specialised peer-reviewed journals, neither of which was ever formally controlled by ISSG or GISP. Practitioners were also publishing in broader conservation biology and ecology journals, in regional natural history and taxon-based journals, and occasionally in the two major 'high impact' generalist journals, Science and Nature. On 3 February 1999, US Presidential Executive Order 13112 established a National Invasive Species Council (NISC) and defined terms including 'invasive species' for purposes of federal management actions.
Given its pedigree of applications-oriented, international, and interdisciplinary organisations, it was practically inevitable that 'invasive species'-related articles would appear in inter-organisational journals. One such is BioScience, produced by the American Institute of Biological Sciences (AIBS). AIBS membership is open to individuals, organisations, and institutions, so the content of BioScience is eclectic by comparison with most journals. Like Nature and Science, BioScience includes features by science writers, correspondence arising, professional news, editorials, and book reviews, alongside research articles. Occasional issues are themed; for example, in 1998 (volume 48) the peer-reviewed articles in numbers four and nine focused on particular topics. Number eight (August) was more typical. Its four peer-reviewed articles were titled, in order of appearance, 'The Reproductive Biology of Fire Ant Societies', 'Quantifying Threats to Imperiled Species in the United States', ' Animal Clones and Diversity', and 'Water for Food Production: Will There Be Enough in 2025?'. The second of these prominently cited Wilson's The Diversity of Life and reified his threat ranking while expanding it beyond freshwater fishes. It included a statement that (by the standards of the time) 'went viral' in the discourse of invasion biology and rapidly became one of its central dogmas.
The lead author of 'Quantifying Threats to Imperiled Species in the United States' was David Wilcove, an American born shortly after Charles Elton's Ecology of Invasions began incubating in the library stacks. Wilcove cites a childhood (and continuing) interest in birds and pre-teenage exposure to the 'height of the environmental movement of the early 1970s' as his impetus to study biology, culminating in a 1985 Princeton PhD. Reacting to the anti-environmentalism of the early Reagan years, he began his professional career studying rare species in Virginia for The Nature Conservancy (TNC), a non-profit, United States-based organisation. He soon moved to the Wilderness Society and went from there 55 Wilcove was one among a throng of late baby boomers sincerely motivated by the increasing environmental consciousness of the 1960s and 1970s who populated the enrolment lists of university biology departments and aspired to staff positions at environmental organisations. The movement had money, but rarely money to burn, and competition for even the lowest paying jobs was always intense. Those like Wilcove who had luck, enthusiasm, and the proper academic credentials got a foot in the door. Fewer found a long-term home behind it. It is difficult to stand out among so many well-qualified peers. Meanwhile, environmental organisations have foibles and faults that can dismay true-believing tyros. Wilcove managed to thrive as well as anyone under such conditions. He established and maintained connections in the power centres of the groups he worked for, and contact with the power centres of federal agencies that invited his participation in significant activities. He simultaneously established himself as a journeyman populariser through magazine articles, and a capable member of interdisciplinary teams. Unlike Wilson, Wilcove's personal testimony as an environmentalist included no mid-life epiphany and 'road to Damascus' conversion to activism, but he had barely attained mid-life by the time he entered this story.
In 1994, TNC set to work on a tour-de-force report to be titled Precious Heritage: The Status of Biodiversity in the United States. 56 Wilcove and a team of co-authors whose credentials included tenures in a variety of environmental groups and academic institutions were tasked with producing a chapter on invasive species. spread of alien species' is far more general than either Wilson's 'invasion of exotic animals' or his 'displacement by introduced species'. Furthermore, although 'scientists generally agree' looks credibly like a Wilsonism, it cannot be found in the 1992 edition of The Diversity of Life (although it suggests another possibility, discussed below). It is not clear until much later in these twin works that the statements attributed to Ehrlich and Wilson were the hypotheses of their study, or perhaps more appropriately the thesis of their essay. Returning to comparisons, BioScience readers were told more about methodology and statistics, and that no anthropogenic threats were identified for 52 of the species examined. Both versions contain a lengthy disclaimer, also customised to the needs of each publication and its audience. Their differences are notable and are emphasised below in bold-face:
We emphasize at the outset [some eight hundred words into the article] that there are some important limitations to the data we used. The attribution of a specific threat to a species is usually based on the judgment of an expert source, 63 Easter-Pilcher (1996) has shown that many listing notices lack important biological information, including data on past and possible future impacts of habitat destruction, pesticides, and alien species. Depending on the species in question, the absence of information may reflect a lack of data, an oversight, or a determination by USFWS that a particular threat is not harming the species. The extent to which such limitations on the data influence our results is unknown.
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Precious Heritage version:
There are some important limitations to the data we used. The attribution of a specific threat to a species is usually based on the judgment of an expert source, such as a USFWS employee who prepares a listing notice or a state natural heritage program employee who monitors imperiled species in a given region. Their evaluation of threats facing that species may not be based on experimental evidence or quantitative data. Indeed, such data often do not exist. With respect to species listed under the [US Endangered Species Act], Easter-Pilcher (1996) has shown that many listing notices lack important biological information, including data on past and possible future impacts of habitat destruction, pesticides, and alien species. Depending on the species in question, the absence of information may reflect a lack of data, an oversight, or a determination that a particular threat is not harming the species. 67 Like their precursors a generation (by reference) removed, Wilcove et al. confirmed the inevitable consensus. It seems clear that any 'quantifying' conclusions based on such dubious data are no less dubious. As the saying goes, 'the plural of anecdote is not data'. 68 They could gloss over this problem in the TNC book; after all, their message was primarily environmental advocacy, not scientific analysis. But BioScience is published by, and for, professional biologists. It includes commentaries and editorials, but 'Quantifying Threats' was published as a research paper, with other research papers in the issue. Intervention by a BioScience editor may account for the slightly more explicit wording of the disclaimer in 'Quantifying Threats'. If so, it remains puzzling that BioScience included an assertive statement in the central column of the article's first page, emphasised with paragraph borders and a larger, bolder font (Figure 1 This teaser to journal browsers is, as usual, a direct quote from the body of the paper. But the quote includes only part of the statement actually made by Wilcove et al. Here again it is useful to compare the two versions:
The major findings of this study confirm what most conservation biologists have long suspected: Habitat loss is the single greatest threat to biodiversity, followed by the spread of alien species. However, the discovery that nearly half of the imperiled species in the United States are threatened by alien speciescombined with the growing numbers of alien species-suggests that this particular threat may be far more serious than many people have heretofore believed.
The major findings of this chapter confirm what most conservation biologists have long suspected: Habitat loss is the single greatest threat to biodiversity, followed by the spread of alien species. However, the discovery that nearly half of the imperiled species in the United States are threatened by invasive aliens-coupled with the growing numbers of alien species-suggests that this particular threat may be far more serious than many people have heretofore recognized. 70 Wilcove et al. thus clearly signalled their satisfaction at confirming a supposedly broad bias, but gave it a puzzling twist. Their claim 'most conservation biologists have long suspected' something that 'may be far more serious than many people have heretofore believed/recognized' approaches the paradoxical, but it might only be an awkward bit of boundary work disparaging the sceptical.
Perhaps the most important conclusion to be drawn from this comparison is that Wilcove et al. either considered the terms 'alien species' and 'invasive aliens' synonymous or they were comfortable drawing different conclusions for different audiences. The lexicon of biological invasion has long been criticised from within and without for its imprecision and militaristic, metaphorical constitution. 71 In an attempt to control the damage, some authors have parsed the terms alien (= non-native = introduced = non-indigenous) and invasive such that the latter should be considered a small subset of the former. 72 In this regard, perhaps 'Quantifying Threats' tacitly exemplifies invasion biology's early rush to claim a precious heritage: identification of their new post-Cold War alarmism with that of a Cold War Cassandra, the 'father of animal ecology', Oxford zoologist Charles S. Elton.
Elton was a proto-environmentalist and occasional populariser of population ecology who influenced better-known contemporaries, including Aldo Leopold and Rachel Carson. Even though Elton used and promoted the term 'invasions', his views on the matter of introduced species were considerably more complex and nuanced than those of the distant followers who claimed his legacy. of Invasions by Animals and Plants, Simberloff attempted to distance modern invasion biology from those nuances. As much as anything, Simberloff's purpose then and in later writings was not to praise Elton, but to bury him: to deemphasise Elton's significance to the nascent discipline, and succeed him as its de facto leading light. 74 Given the strong disclaimer's internal repudiation of the paper's basis, neither version of 'Quantifying Threats' recommends itself as a reliable foundation stone for a scientific subdiscipline. But uniquely among competing proposals such as Wilson's 'mindless horsemen', and Diamond's 'evil quartet', the 'second greatest threat' became firmly entrenched in both the popular and technical literature of 'biological invasions'.
Responding to an early abstract of the present paper, Wilcove wrote:
The primary reason we did the study was to see if, in fact, alien species emerged as a significant threat to biodiversity. Based on the data we obtained from The Nature Conservancy, the Network of Natural Heritage Programs and Conservation Data Centers, and the Fish and Wildlife Service, alien species emerged as the second most frequent threat to imperiled species (after habitat destruction). I do not know how E. O. Wilson's written statement about alien species may have influenced other scientists, but it did affect our analysis. Had the data shown otherwise, we would not have hesitated to disagree with him. 75 Nevertheless, it seems unlikely that Wilcove's team ever contemplated the prospect of falsifying Wilson's assertion, and both the history of the paper's development and its methodology show that publicly disagreeing with Wilson was an unlikely outcome. Recall that TNC's Precious Heritage, like Wilcove's The Condor's Shadow, opened with a Wilson foreword.
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A 1999 reissue of The Diversity of Life included a new foreword of its own, in which Wilson again inflated his own 1992 claims by stating that '[e]xperts generally agree that on a worldwide basis the causes of extinction, which are virtually all due to human activity, can be ranked from the top down as follows: habitat destruction or degradation, the spread of exotic (nonnative) species, pollution, overharvesting and disease'. 77 He also rushed to endorse Quantifying Threats (making him one of the earliest to do so) and repeated its findings: 'The data that measure the factors endangering U.S. species, as compiled by David S. Wilcove and his co-workers in 1998 … are habitat loss, 88 percent, exotics, 46 percent; pollution, 20 percent; overharvesting, 14 percent; and disease, 2 percent'. His response: 'Yes, I believe it fair to say that specialists are in agreement that habitat destruction is the primary extinction agent, followed by invasive species. ' 78 It had been 10 years since the original publication of The Diversity of Life, three since its new foreword, and more than three since the BioScience article, and here was a third formulation. We have seen that 'invasive species' does not wholly correspond with 'exotic' or 'alien' species. Wilcove's 'scientists' are not necessarily Wilson's 2002 'specialists' or his 1999 'experts'. Either the whole idea was very vague, its terminology very fluid, or both. And there was no certain way to tell whether Wilson felt it was more important to uphold the alleged consensus founded on his 1992 book than to reflect on it critically in the presence of a sceptical nobody.
The year 2002 also saw the advent of Wilson's book, The Future of Life, this time with the straightforward trade publisher Alfred A. Knopf (by then a division of Random House). Unconstrained by any university association, Wilson could say whatever his specialist expertise moved him to. He did not mention Wilcove in the text or endnotes, but devoted part of a chapter to introduced species. Here, again, he attempted to represent something as a scientific consensus regarding the forces that hammer nature everywhere in the world … These factors are summarized by conservation biologists under the acronym HIPPO:
Habitat destruction. Hawaii's forests, for example, have been three-fourths cleared, with the unavoidable decline and extinction of many species.
Invasive species. Ants, pigs, and other aliens displace the native Hawaiian species.
Pollution. Fresh water, marine coastal water, and the soil of the islands are contaminated, weakening and erasing more species.
Population. More people means more of all the other HIPPO effects.
Overharvesting. Some species, especially birds, were hunted to rarity and extinction during the early Polynesian occupation.
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A strained acronym for a poorly wrought taxonomy; but if conservation biologists had already summarised it thus, Wilson was merely the messenger. Alas, the acronym HIPPO appears to have originated (at least in print) in this context. Those who later used it and identified a source, invariably cited The Future of Life. Wilson apparently invented a term while vaguely attributing it as a common usage, invented a consensus, or both.
In 2004, Jessica Gurevitch and Dianna Padilla of Stony Brook University cited 'Quantifying Threats' as the major impetus for a paper with a question for a title: ' Are invasive species a major cause of extinction?' Unlike 'Quantifying Threats', the publishing journal chose to identify their effort as an opinion piece, but not for lack of data analysis. The New York pair noted the strong influence exerted on the results of Wilcove et al. by the inclusion of Hawaiian endemics and questioned the degree to which alien species had been blamed for their predicaments. They subdivided alien species contributions into functional types (for example, herbivory by livestock, competition from plants, alien pathogens, and parasites) and de-aggregated effects on plants and animals. Based further on information from the IUCN Red List, Gurevitch and Padilla concluded that 'the assumed importance of the invaders in causing widespread extinctions is to date unproven, and is based upon limited observation and inference. Evidence supporting a general and primary role for invasive aliens in extinctions remains limited'. They went on to caution that '[w]e must be as specific and as clear as possible about the nature of threats to species at risk … The generalization that alien species are playing a widespread role in extinctions is, to date, too unspecific to be either accurate or useful'. And, unlike Wilcove et al., they admitted more work was needed to understand the relative impacts of alien species in different systems. Publishing again in BioScience, they relied primarily on the China Red Data Book of Endangered Animals. Again, they essentially cautioned readers against relying on the results. They excluded 'potential or hypothetical threats' and 'did not try to distinguish between ongoing and historical threats because such information is often lacking, and the distinction itself is problematic in the case of habitat destruction'. They went on to detail 'five important assumptions … attached to these data:' First, although the Red Data Book and other sources used in this study represent an impressive compilation of information on threats to species, we do not know the extent to which they may be biased for or against particular threats. In other words, some of the many contributors to the Red Data Book may have focussed on particular threats to the exclusion of others. The same is true for the data underlying Wilcove and colleagues' (1998) analysis of threats to US vertebrates. Thus, our comparisons are based on the assumption that all threats had equal probabilities of being detected and recorded for each species and country. Second, in most cases there is little actual experimental evidence connecting a particular threat to a particular species. The determination that a given human activity is now or has been a threat to a species is typically the result of someone's professional judgment, rather than the result of a formal experiment. We assume that documented threats are accurate, and that any biases in the data are consistent across all vertebrate classes and between the two countries. Third, because the faunas of both countries are essentially allopatric, we assume that the threats to biodiversity in each nation are independent, notwithstanding obvious linkages through international commerce. Fourth, although individual species in each country may be listed under multiple threats (a reflection of the reality that many species are threatened by more than one factor), we considered the data independent because any species theoretically could fall into any of the individual categories or combination of categories. (It is possible, however, that imperiled species with broader ranges encounter more threats and therefore contribute disproportionately to our data.) Fifth, we assumed no interaction between threats, although in reality there probably are (e. g., between habitat destruction and the spread of alien species). Having thus (again) disclaimed any expectation of producing accurate or precise results, they proceeded with their analysis. This time 'alien species' ranked a distant fourth of five putative threats, affecting only three per cent of the taxa reviewed. They called the contrast between the American and Chinese situations 'striking' in relationship to two types of threats, one of which ('alien species') was 'harder to explain'. After paying lip-service to the possibility that there might be actual differences (but ignoring the possibility that the American results might have been skewed), they offered their preferred explanation: 'it may simply be an artifact of neglect: Chinese ecologists have not focussed on alien species as a threat to biodiversity until relatively recently'. They followed that observation with supporting citations and comments that apparently had not been eligible for evaluating their data, pre-analysis. And evidently the disparity appeared too significant to explain away, leading them to conclude there were significant differences between the situations in the two countries.
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To his credit, Wilcove (unlike Wilson) did not attempt to universalise his geographically constrained conclusions, but the awkward shifting of blame for differing results on a perceived naïveté among Chinese scientists raised a spectre of Western academic condescension that even his Chinese colleague's placement as lead author could not diminish.
A little less than two years later another quantification of threats was undertaken, this time in Canada, by five Canadians whose results (published yet again in BioScience) diverged substantially from those of Quantifying Threats. Like Gurevitch and Padilla (but independently, it seems), they noted the extent to which the results of Wilcove et al. were influenced by the heavy representation of Hawaiian endemics. The Canadian team found 'introduced species' to be 'the least common broadscale threat' in Canada. They also criticised Wilcove et al. for failing to consider threats from 'native species interactions' and 'natural disasters', each of which they found to be more significant than 'introduced species'.
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'Me, too!': Generations three and following
In the interest of saving time, graduate science students with heavy reading loads are commonly encouraged to skip the introductions (and even the conclusions) of peer-reviewed papers. As one online pundit explained: 'it's all regurgitation and conjecture'. 85 introduce papers helps situate them in disciplinary contexts. It establishes their bona fides. In case the name of the field leaves room for doubt, the introductions of invasion biology papers are places for authors to bemoan the existence of their objects of study, which are to be resisted, not deemed objectively interesting. The Wilson/Wilcove declaration, 'invasive exotic species are the second greatest threat to biodiversity', justifies studying any particular case because it implies the result will be used to resist an invasion. By citing it, authors laconically declare themselves fellows of the alien deprecation league. Like the alien/native dichotomy itself, the 'second greatest threat' rapidly attained the status of a truism, a fact everyone (who was anyone) simply understood to be the case. as a case of too much, too soon, and too good to be true, beginning: 'In any discipline, it is important that preliminary ideas or tentative conclusions made on the basis of one or a few studies do not acquire a life of their own, eventually assuming a level of validity and generality that is unjustified on the basis of the actual data'. 86 How often this has actually happened in other disciplines is a moot point Davis did not pursue. His analysis, too, reproduced the full 'disclaimer' from 'Quantifying Threats' and drew a strong conclusion: '[i]t is difficult to believe that all those who have cited this article actually have read it'.
Lax citation practices are a well-known rattling skeleton in academe's closet. Categorising and quantifying their occurrence to determine whether ecologists, conservation biologists, or invasion biologists are any more predisposed to citing unread sources based on their reputed content than practitioners in any other discipline would be a monumental undertaking. But the flexibility with which the claim of Wilcove et al. has been deployed is impressive. There are so many extant permutations that it is impractical, even electronically, to inventory them. Many paraphrasers fail to acknowledge that the finding was limited to the United States. Few ever note that it was strongly skewed by the inclusion of Hawaiian cases, and virtually none that it was grounded in anecdotal data. They have often generalised it vaguely or globally (as might be suggested by the article's teaser), but even then the full title and its implications usually appeared among their references. Some attached a geographical or taxonomic scope relevant to their own work.
I reviewed the first 25 relevant results of a 17 June 2014 Google Scholar search for peer-reviewed papers published in 2014 that cited 'Quantifying Threats' regarding the effects of introduced species to determine how current authors were using and contextualising the 'second greatest threat' statement. Firstly, its ubiquity in the literature was confirmed by the fact that these 25 appeared in 23 different journals and one MSc thesis, and were produced by authors from at least 14 countries. Twenty-three listed it in their introductions among litanies of putatively established facts. Only two accurately confined the scope of 'Quantifying Threats' to the United States. Six explicitly expanded it to a 'global' or 'worldwide' finding. Twelve paraphrased it in such vague terms as to represent it as a universal truism. Five suggested it specifically applied to their own areas of interest: 'agricultural landscapes', 'plants', 'local biodiversity', 'coastal ecosystems', and 'indigenous species'. The last, in full: 'Exotic species are considered the second most insidious cause of biodiversity loss and population decline of indigenous species.' 87 
Experts, ecologists, environmentalists
During a 2004 television interview, University of California linguist George Lakoff was commenting on the rhetoric of the ongoing US Presidential campaign. He observed that one party was actively dismissing the science of environmental issues and appealing instead to common sense. In the process, Lakoff conflated three identities: '[w]ho are the experts? They're ecologists, environmentalists' [emphasis added]. 88 Lakoff's assertion seemed common-sensical in its own way, perhaps because the distinction between being an environmentalist and being an ecologist is vague, even to those who claim such identities.
A 1976 college biology textbook stated: 'most ecologists are environmentalists, because of the nature of their training and interests. The reverse is not necessarily true, however; not all environmentalists are ecologists'. 89 Twenty years later, another biologist concluded, 'many undergraduates enrol for introductory ecology classes in the expectation that ecology will offer enlightenment as well as factual knowledge-an enlightenment with moral and spiritual dimensions', and wondered, 'how should we cope with the divergence between the academic's definition of ecology as a branch of disinterested science, and the general public's understanding of ecology as a life philosophy or quasi-religion that connect[s] interpretations of how ecosystems function to moral imperatives and spiritual significance?' 90 These are indicative, not isolated comments. Since the founding of the first ecological societies a century ago, ecologists have concerned themselves with nature conservation. The Ecological Society of America's 1926 'Naturalist's Guide to the Americas' was compiled by its 'Committee for the Preservation of Natural Conditions' because, it claimed, the society's 'membership includes a larger proportion of persons interested in the preservation of natural conditions for research in pure science and for educational work than any other of our national scientific societies'. 91 Despite that declaration of objective purpose, the body of the book opened with an outline of 'The Value of Natural Areas to Literature and Art', followed by 'The Value of Natural Preserves to the Landscape Architect'. Spiritual matters are addressed obliquely in a quotation from a Harvard University emeritus president: 'Something more than economic remedies must be found for the great evils which beset modern society, and particularly for the diseases, physical and moral, which are caused by congestion of population'. 92 It seems ecologists have been concerned about threats of one kind or another since ecology began, and at least some have taken their ecological knowledge to authorise their opinions.
Many arguments have been deployed to justify seeing the ecological sciences as sources of deeper truths. Other arguments are devoted to exposing expert eco-piety as naïve disregard of Realpolitik or fraudulent self-serving. All those can hardly be summarised here. Looking at the advent of the 'second greatest threat', the most charitable possible conclusion is that Edward O. Wilson and (subsequently) David Wilcove et al. sincerely believed what they wrote and submitted it for publication assuming there was no time to be lost in making such vital information available. They certainly could have done that in ways that more clearly and appropriately emphasised the contingency of their source materials and their methods. However, there seems to be little reason to doubt that Wilson was serving his own purposes as much as any other. Perhaps he tooreadily accepted his own opinion as inevitably consonant with objective reality. His justification for ignoring not only norms of scientific practice but also the simplest rules of logic are hard to fathom. He is by any measure a celebrity, which may be the key point. The world occupied by celebrity scientists has a peculiar characteristic. Having achieved (or assumed) a state of peerlessness, a celebrity scientist is no longer subject to peer review. But having abandoned peer review, he is no longer speaking as a scientist.
'Quantifying Threats' (reduced to its primary, oft-repeated, and strangely elastic central claim) became a celebrity itself, identified by BioScience as its most-cited article (as of 1 August 2014). 93 In this light, Mark Davis' assessment that few of those who cite the paper can actually have read it takes on gloomy new significance. Nevertheless, its reification by repeated reference, abetted by Wilson's endorsement, quickly (and persistently) made citing it a catechistic imperative for invasion biologists, whether supplicant tyros or established true believers. Meanwhile its authors, especially the four routinely subsumed under the shorthand 'et al. ' , did not share in their brainchild's celebrity. 94 In 2008, lead author Wilcove published a second book, No way home: the decline of the world's great animal migrations, perhaps an ironic coda to his disparagement of the new class of great migrations as the 'second greatest threat' to biodiversity. 95 In 2011, two more Canadian authors 'surveyed reviewers of the journal Biological Invasions to obtain a better sense of how invasion biologists evaluate several foundational issues'. One of those issues was the credibility of the 'second greatest threat'. They found that 'only 27.3 per cent of respondents [115 of 422] ranked invasive species as the first or second greatest threat to biodiversity'. The corresponding author of that paper, Brendon Larson, has been a leading observer and sometime critic of invasion biology for the past decade, publishing numerous thoughtful articles on the field's affinity with hyperbolic advocacy and reliance on militaristic constitutive metaphors. His willingness to discuss ranking threats to biodiversity suggests he still operates largely within the framing pioneered by Wilson in 1992. Despite Wilson's foundational role in 93 Anonymous, 'Most-Cited Articles', BioScience, bioscience.oxfordjournals.org/reports/most-cited, accessed 3 September 2014. setting the terms of the issues Larson and his colleague were examining, they never mentioned him. That as much as anything suggests Wilson's framing has succeeded to paradigmatic status.
Over the years I have talked to many life scientists who found 'Quantifying Threats' wanting in some respects, but who chose not to openly challenge it. I did not collect their stories and can offer only general impressions. Some suggested no one really took the paper seriously, so it did not require serious attention from serious minds engaged in serious science. That seems either naïve or disingenuous. A few felt that openly criticising 'Quantifying Threats' could jeopardise their careers or standing in conservation biology circles. Hesitancy and rationalisation may be the rule, but there are exceptions; two have already been noted (Davis; Gurevitch and Padilla). Invasion biology's relentless proselytising in the news and popular media spawned responses there as well. Two in particular are relevant here: science writer Emma Marris' personal manifesto, Rambuctious Garden: saving nature in a post-wild world, and British plant ecologist Ken Thompson's wide-ranging rebuttal of invasion biology's more hyperbolic (perhaps egregious) assertions, Where do Camels Belong?: the story and science of invasive species. Marris merely acknowledged the existence of 'Quantifying Threats' and its famous finding. 96 She went on to say, 'Biodiversity may be the most problematic goal precisely because it embraces so much: several levels of biological organization, from genes to whole landscapes. Nevertheless, it may come closest to capturing what people like about nature'. 97 Marris kept one foot inside the Wilsonian paradigm, even if only for lack of a clear alternative. Thompson took another tack, calling the 'second greatest threat' 'a straightforward lie'. 98 But he also invoked biodiversity with less hesitation than Marris. This brings us back to the problem of deciding who (if anyone) the liars were and whether their lies (if any) were straightforward.
Ecology is hardly monolithic, and it has been noted that 'ways in which ecological scientists interrelate their own beliefs about environmental advocacy, values, and scientific integrity is an extremely complex issue'. 99 Operating in a consistent, principled manner at the intersection of ecology and environmental advocacy (or its precursors) has never been simple. During the 1970s early proponents of science studies were already observing its hazards. Sociologist Dorothy Nelkin tracked American ecologists' excitement at suddenly feeling relevant as popular environmentalism coalesced, to being 'overwhelmed' by relevance, to being disillusioned by actual policy outcomes and the (commercial) professionalisation and exploitation of a once primarily academic discipline, all in the space of a single decade. Nelkin noted, 'the tendency to adjust one's research to "useful" directions may follow less from intellectual conviction than from professional opportunity'. She concluded with still relevant questions: '[a]s scientists become increasingly involved in public policy problems, does this inevitably encourage greater outside direction of scientific work? And if scientists avoid such involvement, can they reduce interference [in] the working of their disciplines? The ecologists' dilemma suggests that outside relationships and controls will develop willy-nilly whenever the work of scientists is perceived to be relevant to public problems'. 100 A decade later, concerning the relationship of science to press coverage, she wrote, 'Often errors derive less from inaccurate reproduction of details than from the inevitable distortions that occur in translating complex technical terms into lay English'. 101 She meant errors propagated by reporters, perhaps never anticipating the trajectory of 'biodiversity', an object of reverent qualitative advocacy that was to be insinuated into scientific discourse as if it were actually an object of quantitative analysis.
In a posthumously published essay, Nelkin did have something salient to say about Wilson, albeit in the context of Wilson's 1989 book, Consilience, and it was not exactly complimentary:
Harvard University entomologist Edward O. Wilson (1989), a founder and advocate of sociobiology and evolutionary psychology, has explicitly equated science and religion: 'Perhaps science is a continuation on new and better tested ground to attain the same end [as religion]. If so, then, in that sense science is religion liberated and writ large' ... Science, he claims, 'offers the boldest metaphysics of the age ... there is a general explanation of the human condition proceeding from the deep history of genetic evolution.' Without directly relying on the notion of a God, he and other evolutionary psychologists use a language replete with theological metaphors that convey concepts of immortality and essentialism. And they invest their theories with ethical implications and moral obligations. 102 Nelkin went on to conclude:
The God talk, the cosmic claims, the organizations for dialogue and reconciliation are all ways to minimize the distance between science and religion, to answer the accusations of critics, and to compete for credibility in the public domain. By drawing on powerful images of Christianity, scientists are seeking to attract converts-to convince the public and many skeptics of the power of their ideas.
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Whether or not she intended 'God Talk' to appear posthumously, it was the kind of dangerous confrontational piece many others have reserved for their final words on fraught topics. Nelkin saw Wilson's exertions as an attempt to become very important indeed by moving beyond science to prophecy, where neither methods nor peers constrained him.
His appropriation of St. John's apocalyptic four horsemen reveals the clarity of Nelkin's insight. The second greatest threat was not a demonstrable fact of the world awaiting scientific discovery. It was the sum of specific fears selected, calculated, cultivated and wholesaled by Edward O. Wilson in a work published by Harvard University Press, retailed by David Wilcove et al. in BioScience, then 'virally' distributed and adopted as the password of invasion biology through misreading and misleading citation. Biodiversity was conceived as a threatened quality. Opinion polls of true believers regarding those threats, compiled by their prophets, cast light on some of conservation biology's apocalyptic concerns. They have catechistical, boundary-marking applications for practitioners of that 'crisis discipline' and offer a raison d'être verging on gnosis for invasion biologists. As points of departure for ecological science, they offer neither destination nor means of conveyance. If it is valuable (or indeed, possible) to truly quantify threats to biodiversity, clearer objectives and more principled methods are needed. The Australian National University, Canberra, Australia.
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